Introduction {#S0001}
============

Establishing a secure airway is one of the primary steps during cardiopulmonary resuscitation^([@CIT0001])^. An endotracheal tube (ETT) usually provides definitive airway control. However, in case of difficult or failed intubation, rapid placement of a laryngeal mask airway (LMA) allows adequate oxygenation and ventilation.

Many methods can be employed to confirm a correct ETT or LMA placement but some may not be reliable in the emergency setting^([@CIT0002])^. For example quantitative waveform capnography that was recommended in the 2010 ACLS guidelines^([@CIT0001])^ as the most reliable method of detection may fail in low flow states^([@CIT0003])^. Recently real-time laryngo-tracheal ultrasonography (US) to confirm correct endotracheal tube placement was shown to be very useful in cadaveric models^([@CIT0004])^ and during emergency intubation^([@CIT0005])^. The usefulness of laryngeal mask airway US imaging in an emergency setting and in critically ill patients has not been studied. Due to the variety of different designs, choosing the optimal LMA for any given patient is often challenging. The quality of a seal depends on how accurately the cuff matches dimensions of the laryngeal inlet^([@CIT0006])^. New methods are needed to assess both the laryngeal size and visualize the LMA in situ. Sonographic upper airway assessment emerges as a practical and easily available noninvasive tool^([@CIT0007])^ which could be used both for pre-insertion and post-insertion assessments. Sonographic imaging of ETTs or LMAs may be sometimes difficult as their air-containing cuffs generate multiple echoes and US artifacts^([@CIT0002])^. The primary objective of this study was to develop methods that can enhance echogenicity of ETTs and LMAs and improve detection during emergency US.

Methods {#S0002}
=======

Sheridan \# 8 ETT, size 4 LMA Unique (uLMA) and LMA Supreme (sLMA) (LMA North America, Inc.) were:immersed in a water bath or embedded in gelatin;placed in the trachea or supraglottic space of pig laryngotracheal specimens;inserted into the trachea and the upper airway of nonembalmed cadavers.

The BK Medical Flex Focus 400 ultrasound system with 5 MHz curved and 18 MHz linear probes was used for scanning. Pneumatic cuffs of ETTs and LMAs were filled with:air;saline;saline with contrast agents such as sonicated albumin or Optison™ (GE Healthcare).

Results {#S0003}
=======

[Fig. 1](#F0001){ref-type="fig"} (upper panel) shows the Sheridan ETT placed in the water bath (**A**) with the cuff inflated with air (**B**), saline (**C**) or saline with Optison™ (**D**). Air interfaces (**a**) attenuated US beam (**B**) causing shadowing artifacts and an image dropout (**do**), and a reverberation (**r**). Inflation of the cuff with saline (**C**) eliminated the shadowing artifact and enabled visualization of the whole cuff and the bottom of the plastic container (**b**). The image was further improved when saline was mixed with Optison™ (**D**).

![Upper panel -- Sheridan ETT placed in the water bath (**A**) with the cuff inflated with air (**B**), saline (**C**) or saline with Optison™ (**D**). Middle panel -- similar sequence of images/artifacts when the pneumatic cuff (c) of the LMA Supreme (**E**) was filled with air (**F**) saline (**G**) or saline with Optison™ (**H**). Lower panel -- Sheridan ETT placed in the pig tracheal specimen (**I**). ETT cuffs were inflated with air (**J**), saline (**K**) and saline with Optison™ (**L**). The saline-filled cuff (**K, L**) allowed visualization of the tracheal (T) ring; a -- air interface, b -- bottom of the plastic container, c -- cuff, r -- reverberation, do -- Image dropout, T -- tracheal ring](JoU-2014-0037-g001){#F0001}

[Fig. 1](#F0001){ref-type="fig"} (middle panel) shows a similar sequence of images/artifacts when the pneumatic cuff (**c**) of the LMA Supreme (**E**) was filled with air (**F**) saline (**G**) or saline with Optison™ (**H**).

[Fig. 1](#F0001){ref-type="fig"} (lower panel) shows the Sheridan ETT placed in the pig tracheal specimen (**I**). ETT cuffs were inflated with air (**J**), saline (**K**) and saline with Optison™ (**L**). The saline-filled cuff (**K, L**) allowed visualization of the entire tracheal (**T**) ring.

[Fig. 2](#F0002){ref-type="fig"} shows that the ETT (upper panel) and the LMA (lower panel) placed in the cadaveric airway were not visualized when cuffs were inflated with air (**A, C**). Airmucosa (**a**) interface of the LMA (**C**) caused the shadowing artifact. After inflation with saline (**B, D**) cuffs were visualized as hypoechoic spheres.

![The endotracheal tube (upper panel) and the laryngeal mask airway (lower panel) placed in the cadaveric airway; H -- hyoid bone, r -- reverberation, C -- cuff, P -- posterior wall of the pharynx](JoU-2014-0037-g002){#F0002}

Discussion {#S0004}
==========

Capnography is the standard method to confirm correct ETT or LMA placements^([@CIT0003])^. However, it may be unreliable during cardiopulmonary resuscitation and low flow states which may lead to an unnecessary removal of a well-placed ETT, re-intubation and interruption of chest compressions. Tracheal US does not interrupt chest compressions and is not affected by low pulmonary flow or airway obstruction, but is limited by US scattering and artifacts generated in air-tissue interfaces. This study demonstrates that the replacement of air with saline in ETT or LMA cuffs enables their detection and the visualization of the surrounding structures or tissues and markedly limits US artifacts.

Similar improvement in visualization was obtained in cadavers after filling of the cuffs with saline. Therefore, it is likely that saline-filled cuffs may be detected in patients after endotracheal intubation or placement of the supraglottic airway.
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